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S. Tiller 
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The  data  that was  presented at  the  workshop  last  year  summarized  performance  of  the IUE 
spacecraft batteries from the time of launch, January 1978, through the first 10 months  of 
operation. 
(Figure 3 -2 2) 
During  this  session I would  like to update  the  data to carry  us  through  22  months  of  opera- 
tion.  First,  let  me  point  out  that  the  spacecraft  has  two 17-cell,  6-ampere-hour  nickel-cadmium  bat- 
teries  and  that  operational  directives  limit  the  DOD to  80 percent,  and  the  maximum  discharge 
current  to  4.5  amperes  per  battery.  It  should  also  be  noted  that  the  two  batteries  have an  approxi- 
mate 8" C  temperature  delta  between  them. 
Since  launch,  the  spacecraft  has passed through  four  solar  eclipse  seasons  ranging  from  24  to 
25  days  each.  Between  the  eclipse  seasons,  or  during  the  solstice  seasons,  the  batteries  are  placed  in 
a  low-rate  trickle  charge  mode of operation. 
These  curves  are  plotted  from  the  spacecraft  telemetry  data  with  a  point  selected  at  random 
over  approximately 625  days  of  operation.  The  battery  current  curves,  charge  current  curves,  and 
the  third  electrode  curves  indicate  that  they  are  being well maintained in the  trickle  charge  mode of 
operation. 
The  fluctuations  noted  in  the  battery voltage and the  battery  temperature  are  caused  by  the 
spacecraft  being  moved  throughout  a  beta  range  of 0 to  130 degrees. At 0 and 130 degrees,  the 
solar panels start becoming efficient, and at that time the batteries will start producing power, 
sending  power  to  the  spacecraft. 
(Figure  3-23) 
This data represents the battery discharge voltage during the peak eclipse seasons, one 
through  four.  One  thing I would  like to   point   out  is that  during eclipse  seasons three  and  four, 
the  spacecraft  power  requirements  reduced  slightly  in  order  to  maintain  the  batteries  above  an 80- 
percent  DOD  and  above  a  4.5-ampere  discharge  current. You can  notice  this on the  third  and 
fourth  eclipse  seasons,  as  compared to  eclipse  season  number  two. 
(Figure  3-24) 
Here you see the battery voltage observed at the end of the discharge during the daily 
seasons or daily  eclipse  periods  over  the  four  eclipse  seasons. 
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Here  again you can  notice  the  eclipse  season  number  two  and  number  three,  that  number  two 
actually  has  a  lower  voltage  than  number  three,  due to the  reduction  in  spacecraft  power  during  the 
eclipse  season  three  and  four. 
(Figure 3-25) 
The two  dashed  lines  in  this  graph  represent  the  rate  of  battery  voltage  degradation  relative to 
the  available  power to the  spacecraft,  over 14 solar  eclipse  seasons. 
The X’s represent  the  spacecraft  batteries,  the  circles  represent  data  performed  on  a 6- 
ampere-hour  test  pack  at  Crane,  and  the  lower  curve  represents  data  acquired  from  a  test  flight 
tested  here  at  the  Goddard  Space  Flight  Center. 
This  pack  has  been  terminated  since we ran the  tests  through seven  solar  eclipse  seasons. I 
would  like to  point  out  a  couple of things: 
The  pack  that was  tested  at  Goddard  had  been  in  operation  for  approximately 1 year  prior 
to  the  first  solar  eclipse  season  at  about  a  50-percent  DOD.  After we made  some  calculations,  we 
believe the  battery  voltage is approximately  1/4  volt  high  for  this  particular  data. 
The  trends  being  established  from  these  three  sources  indicate  that  the  spacecraft  battery will 
follow  the  trend  that  was  predicted  on  the  curve.  Future  data  points  from  the  spacecraft  battery 
and  from  the  tests  at  Crane will be plotted  on  the  future  curves  to  maintain  trends  through  the 
future  eclipse  seasons. 
DISCUSSION 
FORD: I might  make  a  comment  that  the cell  design  and  the  background  were  provided  by 
you  in  the  workshop  2  years  ago.  Right?  Or 3 years  ago? 
BAER: We went  through  it  a  little  bit  last  year,  too,  but I think  it  was originally presented 
2 years  ago. 
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RECONDITIONING OF VIKING  LANDER  BATTERY 
A. Britting 
Martin  Marietta 
To summarize  the  previous  report  we  made  last  year  a  little  bit gives us, if I  can  use  the 
word,  a  data  base to work  from. 
(Figure 3-26) 
This is a Martin Marietta-built Viking Lander. We launched two of these in August and 
September  1975  for  a  90-day  mission to Mars. We were to perform  a  search  for  life  on Mars, 
characterize  the  weather,  and  do  quite  a  series  of  other  things. 
We had  a  planetary  quarantine  requirement  imposed  upon  us,  in  that  we  were  not  allowed 
to  contaminate  the  surface. We interpreted  that as meaning  we  must  bake  the  lander  batteries  and 
everything  else  in  it t o  233" F for  54  hours.  This  imposed  some  interesting  hardships  for  battery 
designers. 
(Figure  3-2 7) 
This  is  the  Viking  lander  power  system.  On  top  are  two  series  connected  35-watt  radioiso- 
tope  thermal  electric  generators,  redundant  power  conditioning  distribution  assembly,  redundant 
shunt  regulators,  and  four 24-cel1, 8-ampere  hour  NiCad  batteries.  The  cells  were  built  by  GE. 
We regulate  the  bus  at  27 to 36 volts. Our  battery  charging  scheme is such that we have  a 
single battery  on  the  charge bus being  charged  for 1 hour while the  other  three  batteries  are  supply- 
ing  the  equivalent  bus  loads. We alternately  cycle  batteries A, B, C,  and D 24  hours a day. 
(Figures  3-28  and  3-29) 
As  I  said,  the  batteries  are  24-cell,  8-ampere  hour  NiCads. We have two  batteries  for  assem- 
bly.  In  the  picture  on  the  right  you  have  one  battery  in  the  front,  second  battery  in  the  back. We 
have  two  battery  assemblies  per  spacecraft.  Each  battery  weighs 50 1 /2  pounds. 
Heat  sterilization  requirement  was  the  item  for  which we had  no  data base to draw  from so 
we  chose to use  Pellon FT 2140  nonwoven  polypropylene  separator  material. 
The voltage  temperature  control  for  charge  conditions  was  used.  During  cruise we received 
power  from  the  orbiter  for  battery  charging  at  C/15  as well as  trickle  charging.  And the  typical 
lander  charge  rate  was  C/8  for all batteries  of  1-ampere  charger. 
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During ground testing before launch, we did have individual cell monitoring. But after 
launch, all  we had was  voltage  and  temperature  at  the  battery level. 
(Figure 3-30) 
On  the  right-hand  side I am  putting  up  the cell characteristics. I will leave them  there  for 
your  reference. 
(Figure 3-3 1) 
This  chart  represents  the  battery  cycle  life  from  cruise  to  the  present.  It gives the  typical 
depths  of  discharge  and  the  cycles  for  those  depths  of  discharge. As I said,  this was originally  a  90- 
day  mission. We are  currently  passing  our  1200th  day  for  both  landers,  which  are still operating. 
(Figure  3-32) 
We did  condition  the  batteries  during  cruise.  Now  that  conditioning  was  done  by  charging 
them, discharging them through a 19.3-ohm fix load, and then recharging them, measuring the 
ampere-hour  capacity  and  recording  it. 
This is one  of  the  batteries on Viking  Lander  1,  battery B. During  cruise we measured  a 
capacity of 8.8 ampere-hours. We didn’t  intend  to  do  subsequent  tests  after  landing  because we did 
plan  on  a  90-day  mission.  But  there  was  some  opportunity  here  to  get  some  information  as  far  as 
degradation  on  the  battery  is  concerned. So we went  ahead  and  reactivated  the  discharge  sequence 
after 71 6 days  on  the  surface. We discharged  and  compared  each  one  of  the  batteries.  This  one  is 
representative  of  the  Lander  1  batteries,  having  roughly  a  10-percent  degradation  after  almost 2 
years. 
(Figure  3-33) 
Lander 2 had  some  interesting  differences.  This  lander  tended  to  operate  at  a  higher  tempera- 
ture  than  the  other  lander. We had  some  spacecraft  hardware  anomalies  that  caused  it-part  of  the 
contribution  to  the  high  temperature was  a  busier  sequence,  which  tended to  heat  up  the  equipment 
bus. 
The  second  curve  here  was  taken  just  a  little  bit less than  2  years  after  touchdown. 
What  happened  here is that  during  the  Martian  winter,  this  particular vehicle happened to  sit 
right  on  the  edge  of  the  northern  polar  cap on Mars,  and  therefore we were  afraid  that  frost was 
going to  build  up on the  landers. As a  result, we shut  down  much of the  external  operating  hard- 
ware,  such  as soil samplers,  etc. As a  result,  the  lander  was  essentially  asleep.  With  it  being  asleep, 
we didn’t  terminate  the  charge-discharge  sequence. We went  ahead  on  a 1 -hour  charge  cycle,  but 
with  no  discharging,  constantly  putting  power in for  I-hour  cycles  for  roughly  the  Martian  winter, 
about 6 months. 
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i I think  this was partly  contributing to the  4.5-ampere  hour,  or  50-percent  loss in capacity 
that we  see here. 
(Figure  3-34) 
That last  slide  was about  the  point to where  we  had  reported  last  year. 
Slightly  after  the  workshop, we got  additional  data,  which  showed us the  hardware  anomaly 
that  caused us to  operate in excess of 80°F for  the  137-day  period.  Coupled  with  low-discharge 
rates,  low-recharge  rates,  and  because  of  the  high  temperatures,  there  was  lower  battery  terminal 
voltage. 
When we came  out  of  this  period, we found  that we had  lost  roughly  as  much  as  75-percent 
original  capacity of the  batteries.  At  this  time we decided to  embark  on  a  program on Lander  2, 
to  do  more  than  just to discharge to  the  predetermined  27.3-volt  cutoff  that we  had  been  normally 
doing  earlier  along  the  curve  here,  and do  a  time  discharge  instead. 
We arbitrarily  chose  a  7-hour  time  discharge  through  the  19.3-ohm resistive load  bank be- 
cause  it  fit nicely into  the  sequence. We followed  that  by  a  21-hour  recharge,  C/8,  and  the  19.3 
ohms give us a  value  of C/5 discharge  rate.  Some  of  the gains can  be  seen i n  the  next  chart. 
(Figure  3-35) 
I picked  on  one  battery in particular. I am  planning  on  doing  a  lot of this  testing  on all 
those  batteries. I have  completed  the  second  battery.  This is battery C ,  but I have  completed  the 
second  battery  already. I will just  talk  about  battery C here. 
The  second  column  from  the  right is the  discharge  ampere-hours.  In  there  you  can see the 
cruise.  And  then  an  early  lander  capacity  being  about 10 percent  degraded,  as  was  on  Lander  1. 
Then lo and  behold,  a  little  over  2  years  after  touchdown, we see that  75-percent  degradation  that 
I talked  about  because of the  thermal  and  other  powers we had  there. 
We did a  discharge  shortly  thereafter  to  27.3 volts.  That's  a gain of about  1  ampere-hour 
you  see on Sol  H58.  After  that, I started  the  7-hour  time  discharges.  Some  of  what  you see on the 
line is called  Sol-Sol  is  a  Martian  day  and is 24.6  hours  long-but  on  the  Sol  H65  line,  some  of  that 
increase  you see to  the  5.1 1 ampere-hours is most  probably  due to  the  previous  discharge  test  we  do 
where we got  2.95  ampere-hours. 
I took  that  battery  down  to  9.88 volts,  terminal  voltage,  in  the  7-hour  period.  About 90 
days  later, I repeated  the  test  to  see  what  impact we had on that  battery,  gained  another 1 1/2 
ampere-hours.  The  battery  terminal  voltage  at  the  end  of  that  7-hour  period  was  18  volts,  which 
has  shown  that  we  have  done  something  to  the  battery. 
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(Figure 3-36) 
This  vugraph  is  rather  a  dramatic  one.  It  is  a  graphical  presentation f the  previous  chart. 
This  curve  summarizes all of  what  was  on  the  last  chart.  The  highest  curve,  the  long-dashed 
curve  there,  happens to  be  the  cruise  curve. You can  see  the  subsequent  degradations  in  capacity 
finding  the  long-time  discharge.  The  first  one  is  the  thin  solid  line  going  down,  the 9.88 volts. On 
the  final-time  discharge  we see what  may  even  be  an  evidence  of  second  plateau. I have  marked  on 
that  final  curve  the  27.3-volt  power  conditioning  distributions,  where  the  cutoff level would be. 
(Figure  3-37) 
Currently,  we  are  on  about  a  once-a-week basis on  Lander 1 , running  a  sequence  that dis- 
charges  the  batteries  about 1 ampere, or at  about  12-percent DOD. Peak  discharges  may  reach 15  
percent. We are  recharging at  about  a  1-ampere  rate. 
Currently,  on  the  batteries  on  Lander 1 , we have  run  approximately  7000  cycles  at less than 
10-percent DOD. On  Lander  1,  because we have  been  running  fairly  deep  discharges  before  this 
time,  I believe they  are  semiconditionjng  the  batteries. We have  had  na.evidence  of  any  battery 
degradation. 
The  battery  open-circuit  voltage  remains  as  it  was  at  touchdown,  at  32  to 33 volts. We are 
having  equal  load  sharing to  within 1 / I  0 ampere  during all heavy or  light  dishcarges.  Sharing very 
well. And our batteries  are  reaching  charge  cutoff  on  recycle. 
(Figure 3-3 8) 
As I  said, we had to  work  with  Lander  2  a  little  bit.  It is going  through  about a once-a-month 
1- t o  1.3-hour  discharge  at  12  to  15  percent,  at a discharge  of 18 percent  maximum. 
I  am  going to  complete  our  7-hour  time  discharges. I have  worked  on  battery A and  battery 
C so far,  and  batteries B and D this  month  and  next  month.  Subsequent  to  that I will report  on 
them. I do plan  on  finishing  at  least  one  time  discharge in  every battery. 
Since we began  the  discharge,  7-hour  time  discharges, we have  got  a  significant  increase in 
battery  capacity.  The  open-circuit  voltage  recovery  on  the  Lander  2  batteries,  which was 32  and 
3 1 volts, is now  back  up  to  3 2 to   33  volts. 
Batteries A and C, which  are  already  exposed to  the  time  discharge,  now  take  more  than 
their  share  of  the  load.  There is a  4-ampere  load on the bus. That’s  like  three-quarters  of  it.  The 
third  battery  on  the  discharge  bus  hardly  supplies  any  of  the  load.  And we are  reaching  regular 




In  summation,  we  have  done  approximately 4 years  of  operation  on  the  surface,  but I have to 
say no  failures  with  quotes  around  it. We did  have  only  90-day  operational  requirement.  Our  poly- 
propylene separator material chosen appears to be still working well. He might want to add a 
couple  of  things to that. 
One  of  the  things we did  learn  here  was  that  although  we  didn’t  plan on having  any  recondi- 
tioning  mechanism on the  spacecraft,  in  this  case  it  was  good  that  we  did. We think  we  have  learned 
something  from  that.  But in future  missions  of  this  type, it might  be wise to always  include  some- 
thing to enable  you to do  some  kind  of  conditioning. 
They  might  be  good, so we  don’t do  time  discharges  and  worry  about cell  reversals. As you 
are  taking  the  batteries  down,  you  might  want to have  some  individual cell monitoring.  I  think 
that’s  probably  a  good  idea. 
Our  current  plans  now  are  for  Lander 1 and  Lander  2:  Lander 1 is going to  operate  until 
1990. I am  not  going  to  stick  around  and  monitor i t  that  long.  Lander  2, as somebody  mentioned, 
doesn’t  have  any  TWTA  problems. We lost  both TWTA’s, we lost  each of the TWTA’s on Lander 
2, so we only have relay  length  capability  from  Viking  Lander to Viking  Orbiter  which  then  gets re- 
layed to  earth. 
When the last  remaining two  Orbiters  go  away,  they  run  out of control  system gas, that will 
be  the  end of the  Viking  Lander 2 mission. That is why I am  working  heavily  with  Lander 2. I 
feel  that’s my vehicle that I can  play  with  a  little  bit. I call it my  billion-dollar  playtoy  and  try  to 
gather  as  much  information  before we lose that vehicle. 
I n  a  recent  slide  taken  on  the  Martian  surface  from  Lander 2 the temperature was about 
-154” F during  the  day  and  -196” F at  night.  There is frost  on  the  surface.  That’s  what is called  a 
clathrate.  It is composed of six parts  carbon  dioxide  and  one  part  water  vapor. 
DISCUSSION 
MUELLER:  How  many  cycles  did  you  get  within  one  cycle  per  day? 
BRITTING:  When  you  say  cycles,  charge  cycles  on  batteries? 
MUELLER: Current discharge cycles, 
BRITTING: We charge  the  batteries  on  a  once-per-hour  basis  essentially  six  times  a  day. 
Each  battery  is  on  the bus 1 hour a day-on  the  charge  bus, 1 hour;  then  on  the  discharge  or  equip- 
ment  bus, 3 hours.  Then  back  on  the  charge  bus  for 1 hour. 
MUELLER:  Six  cycles  per  day? 
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* To 7 hour  timed dircharge.   Bat tery  terminal   vol tage  a t   th i r  time war 9.88 vol t r .  
*1ck To 7 hour timed diacharga. Bat t e ry  t t rmlna l  vo l t age  a t  t h i r  time war 18.04 v o l t r .  
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Figure  3-36 
PERFORMANCE (CONI) 
V I K I N G  LANDER 2 
0 DlSCHARGElRECHARGE 
- 1 AMPERE  DISCHARGE  ICl8) FOR 1-1.3 HOUR APPROXI- 
MATELY  ONCElMONTH (12 - 15% DOD) 
- PEAK  DISCHARGES  TO 1% 
- 7 HOUR  TIMED  DISCHARGE AT  APPROXIMATELY  ONCE/ 
YEAR  THROUGH 19.3 OHM FIXED LOAD BANK 
o RESULTS 
- SIGNIFICANT  INCREASE IN BAl lERY  CAPACITY 
- BAl lERY  OCV WELL  RECOVERED  FROM 30-31 VDC  LOWS  TO 
MORE CONSISTENT 32-33 VDC 
- TWO BAl lERIES  ALREADY EXPOSED TO TIMED  DISCHARGE 
HOG DISCHARGE LOADS FOR LONGER PERIODS OF T IME 
- REGULAR  BATTERY  CHARGE  CUTOFFS 
Figure  3 -3 8 
PERFORMANCE 
V I K I N G  LANDER 1 
0 DlSCHARGElRECHARGE 
- 1 AMPERE  DISCHARGE (C18) FOR 1 HOUR E ONCEFHEEK 
112% DODL 
- PEAK  DISCHARGES  TO l5% 
- RECHARGE B C/8  RATE 
o RESULTS 
- NO  EVIDENCE OF BATTERY  DEGRADATION 
- BAllERY OCV REMAINS AT 32-33 VDC AFlER 4 YEARS 
- EQUAL 'LOAD SHARING EVIDENCED  URING DISCHARGES 
- BATTERY  CHARGE  CUTOFFS  OCCUR  EACH  HOUR 
Figure  3-3 7 
SUMMARY 
o 4 YEAR  OPERATION  WITH  NO  FAILURES 
- 90 DAY OPERATIONAL REQUIREMENT 
o CELL TYPE 
- POLYPROPYLENE  SEPARATOR 
- STANDARD  UNTREATED  NEGATIVE  PLATES 
- HEAT TREATMENT OF COMPLaED CELL ASSEMBLY 
0 RECONDITIONING  /MAINTENANCE  V RY  SUCCESSFUL 
- V IK ING LANDER-1  WEEKLY DlSCHARGElRECHARGE 
- V I K I N G  LANDER-2 TIMED DlSCHARGElRECHARGE 
R E C O N D I T I O N I N G ~  
Figure  3-39 
